Recently, in the field of tissue engineering, fabrication of three-dimensional (3D) electrospun scaffold or membrane is much emphasized. In this study, layered composite scaffolds or membranes were fabricated using two biodegradable polymers, polycaprolactone (PCL) and Chitosan layer-by-layer with multilayer electrospinning method. Characterizations of membranes were done using several techniques. Electrospun composite membrane's surface morphology was examined using a Scanning Electron Microscopy (SEM) and the wettability of the material's surface was determined using water contact angle measuring measurement (WCA). Water uptake properties of electrospun membrane were also determined. Using optimized solution concentration and electrospinning processing parameters, the composite PCL/Chitosan and PCL layer-by-layer were successfully fabricated. It was observed from SEM that the composite electrospun membranes produced consisted microfibers and nanofibers within single scaffold. The water contact angle for the double-layered composite electrospun membranes was lower than the pure PCL. The double-layered composite membrane also had higher water uptake properties compared to pure PCL scaffold.
INTRODUCTION
Recently, development of three dimensional (3D) scaffolds becomes one of the most challenging projects in the field of tissue engineering [1] [2] [3] [4] [5] . The production of 3D scaffold with different size and geometry is introduced. In terms of size, the 3D scaffolds can be in the combination of microscale and nanoscale while in terms of geometry, the 3D scaffolds produced consist of fibers and filaments [6, 7] . The 3D scaffold network intervention is more suitable to be used in tissue engineering due to its highly interconnected structure as well as the increased surface area to volume ratio. This will enhance and promote the cell proliferation and migration [8, 9] .
PCL is non-toxic, biocompatible and biodegradable polymer while its degradation rate is depending on the molecular weight of polyester. For higher molecular weight of PCL, the degradation time is about two to three years and it is not suitable for the short term implantations [10, 11] . PCL has a few constraints such as it is hydrophobic, limited bio regulatory activity and neutral charge distribution [12] . On the other hand, Chitosan is a natural polysaccharides whose physical properties are identical to glycosaminoglycan [13] . In addition, Chitosan is non-toxic and biodegradable and thus it is safe to be applied in human body [14] .Besides that, it has a good permeability for the oxygen and carbon dioxide to pass through it [15, 16] . However, natural scaffold having poor control of enzymatic degradation and poor mechanical performance limits it's application in the tissue engineering [17] . By blending PCL and chitosan, the high mechanical strength of PCL and the hydrophilicity of the chitosan can be obtained in the same composite scaffold.
Electrospinning method is a promising technique for the fabrication of scaffold. The advantage of electrospinning method is that it is able to fabricate polymer scaffold fibers' size in a wide range [18] . The morphologies of fibers are affected by the nature of electrospinning and also the translation of polymer solution into nanofibers through electrospinning. There are several parameters such as solution parameters, processing parameter, and ambient parameters that can affect the final morphology of the membranes. We can make electrospun fibers with desired morphologies and diameters by proper control of those parameters [19] .
When severe skin burn occurred, the ordinary pathway to solve the problem is using tissue engineering for tissue replacement and regeneration. However, conventional monolayer scaffold just consist of either nanofibers or microfibers and thus unable to get the advantages of both nanofibers and microfibers in single scaffold. Considering this problem, creation of suitable multi-layered scaffold for tissue engineering application is required. This paper reports the fabrication and characterization of layer by layer composite membrane based on polycaprolactone (PCL) and PCL/Chitosan through electrospinning techniques to be used in tissue regeneration.
EXPERIMENTAL

Materials
PCL with the molecular weight about 70,000-90,000 was purchased from Aldrich (Germany). Chitosan as powder form was also purchased from Aldrich. All the solvents such as Chloroform, Formic Acid and Acetic Acid were analytical grade which were purchased from Sigma.
Dope Preparation
In order to prepare pure 13% w/v PCL polymer solution, 1.30g of PCL was dissolved in 10ml of Chloroform by magnetically stirring at 500rpm and at 50°C. On the other hand, in order to produce 8.8% w/v PCL/Chitosan polymer solution, 0.8g of PCL and 0.08g of Chitosan were dissolved in 7ml of Formic Acid and 3ml of Acetic Acid by magnetically stirring at 500rpm at room temperature.
Electrospinning
Pure PCL, PCL/Chitosan, as well as PCL/Chitosan and PCL layer-by-layer membranes were fabricated by electrospinning method (NaBond Nanofiber Electrospinning Unit, China). Firstly, pure PCL (1.30g) polymer solution was inserted to a new 6 cm/ml syringe with needle. After that, the syringe was placed in a syringe pump. An aluminum foil with surface area of 10cmX10cm was prepared before the electrospinning started and being used as a collector. The processing parameters for each scaffold were different. Table 1 shows the summary of the parameters used for each electrospun membranes fabrication.
For the fabrication of PCL/Chitosan and PCL layer-by-layer electrospun membrane, all the steps involved in the electrospinning process were repeated and the parameters were unchanged. The time taken for the electrospinning process (pure PCL) was half an hour. After that, the same collector was used so that the PCL/Chitosan nanofibers were collected on top of the PCL fibers. The time taken for electrospinning process (PCL/Chitosan) was half an hour as well. 
Characterization
The morphology of pure PCL, PCL/Chitosan as well as PCL/Chitosan and PCL layer-by-layer polymer fiber were observed using a Scanning Electron Microscope (Hitachi 400). A contact angle measuring system (VCA Optima, AST Products, Inc.) was used to determine the wettabilities of PCL, PCL/Chitosan as well as PCL/Chitosan and PCL layer-by-layer. Electrospun membranes collected on the aluminum foil were peeled out and then double-tape was used to fix the polymer fiber on a coin. Each sample fixed on a coin. Titanium coating on the polymer fiber will provide a better result of SEM. An Image J software was used to measure the diameter and pore sizes of fibers. At least 25 fiber diameters and pores were measured and the average was calculated.
In order to measure water contact angle of the membrane surfaces, the electrospun membranes were placed on a sample stage. The water drop was controlled by the measuring system. The sample table was turned upwards and downwards in order to allow water dropped from the machine onto the surface and check the wettability of samples. The process was repeated for at least five times.
Water uptake by the polymer fiber was conducted to check its hydrophilicity. The initial dry weight was recorded prior to the experiment. Next, the electrospun membranes were immersed in distilled water for 2, 5, 10, 15, 20, 25, 30, 45, and 60 minutes. Then, the electrospun membranes' weight was recorded for each time period by removing them from distilled water periodically. Electrospun membranes were dried using a filter paper in order to eliminate excess water. The equation below was used to calculate the water uptake by the microfibers membranes:
where Wd is dry weight and Ww is wet weight of samples that obtained periodically. Figure 1 shows the morphology of the membranes. It was observed that PCL/Chitosan and PCL layer-by-layer were successfully fabricated and it consists of microfibers and nanofibers in one scaffold structure. Figure 2 shows the distribution of electrospun fiber diameter of 8.8% w/v PCL/Chitosan and 13.0%w/v PCL micro/nano fibrous membrane layerby-layer. 13.0% w/v PCL displayed the largest average pore size which was about 1230.00 nm or 1.23 μm. On the other hand, the average fiber diameter Fabrication of multilayer scaffold which consists of microfibers and nanofibers in order to get the advantages of both scales of fiber diameters in single scaffold is promising in tissue engineering [20] . The conventional monolayer electrospun membrane possesses microfibers or nanofibers and thus it cannot provide both benefits of the micro-and nano-scale fibers. Actually, nanofibers can mimic physically the extra cellular matrix (ECM). Cells are able to proliferate and spread well when seeded into nanofibers scaffold. However, cells face difficulty during migration in the nanofibers scaffold and this was the drawback of the nanofibers [8] .
RESULTS AND DISCUSSION
The benefit of the microfibers is that it is large enough to allow cells migration and this advantage is needed for the nanofibers scaffold. Therefore, in order to overcome the drawback of nanofibers, we need to add the microfibers into the nanofibers scaffold. The solution suggests to solution of the problem by fabricating multilayer scaffold or in other words microfibers/nanofibers layer by layer membranes through the multilayered electrospinning method [21] .
According to Kumbar et al., fibroblast had higher proliferation rate on the scaffold which had diameter range between 350-1100nm [22] . In addition, Zhang et al. showed that the electrospun membranes which had fiber diameter ranging from 270nm to 3250nm were suitable for fibroblast to growth [23] . The average fiber diameter of 13% w/v PCL and 8.8% w/v PCL/Chitosan layer by layer was 856.32nm and was within the fiber diameter range which was suitable for the fibroblast to growth. The 13% w/v PCL and 8.8% w/v PCL/Chitosan layer by layer scaffold could have the potential to be used in skin tissue engineering. Table 3 summarizes the water contact angle of microfibers for PCL, PCL/Chitosan as well as PCL and PCL/Chitosan. Pure PCL had a high Recent studies show that more hydrophilic surface of material will enhance cell adhesion on the surface [24, 25] . Therefore, good spreading, proliferation and differentiation of cells can be found on the hydrophilic surface [24] . The PCL and PCL/Chitosan layer by layer membrane had the improved wettability and thus it can enhance the cellular behavior when the membrane will be used in vitro or in vivo. Figure 3 shows the percentages of water uptake by PCL, PCL /chitosan and the layer-by-layer membranes versus immersion time. It was observed that the amount of water uptake by the layered membrane was higher than the pure PCL membrane. The hydrophilicity of layer-by-layer membrane was higher than pure PCL electrospun membranes. According to Sultana et al., the amount of water uptake by the microfibrous membranes was depending on its hydrophilicity and the fluid taken in through the pores or capillaries of scaffolds [26] . PCL and PCL/Chitosan layer-by-layer was more hydrophilic than the pure PCL membrane due to the existence of the amino group present in chitosan and this chemical group interacted with surrounding water and formed hydrogen bond [27] . 
CONCLUSION
PCL and PCL/Chitosan micro/nano fibrous layer by layer electrospun membranes were successfully fabricated using multilayer electrospinning technique. The purpose of fabricating layer by layer electrospun membrane is to utilize both advantages of microfibers and nanofibers in single scaffold structure. The composite electrospun membranes had microfibers and nanofibers within single membrane. The average fiber diameter for the PCL and PCL/Chitosan micro/nano fibrous membranes doublelayered scaffold was 856.32nm which may suitable for the growth of fibroblast. The water contact angle of the double layered composite electrospun membranes was lower than the pure PCL. It had higher water uptake properties compared to pure PCL membrane. The membranes could be potentially useful for skin tissue engineering application. Layer by layer
